Diastereoselective alkylation of the (2S,4S) and (2R,4S) diastereomers of 3-tert-butyl 4-methyl 2-tert-butyl-1,3-oxazolidine-3,4-dicarboxylate (1a/b) is reported. Formation of both diastereomers of these oxazolidines was achieved by changing the order of protection steps, and their relative and absolute configurations were determined by NOESY spec-
Introduction
Myriocin, [1] mycestericins, [2] and sphingofungins [3] are sphingosine-related metabolites with strong antifungal and immunosuppressive activity (Figure 1 ). In the course of our studies [4] to obtain these derivatives of -serine stereoselectively, we became interested in α-substituted amino acids. [5] Stereoselective α-alkylation according to the principle of self-regeneration of stereocentres (SRS) [6, 7] is a particularly convenient methodology for our purposes. The necessary transient stereocentre can be introduced by forming oxazolidines of type 1. Although such oxazolidines have been prepared previously, we report herein a new series of alkylation products where the variation of the ring substituent influences the preference for diastereoselection. In contrast to recent literature reports, we have not only regenerated the configuration at the defined stereocentre, but we have also prepared the products of inversion.
[8]
Results and Discussion
Oxazolidines derived from serine esters are prone to ringchain tautomerism, and equilibrium studies of methyl and ethyl esters with aromatic aldehydes in ing. [9] Among the two ring forms the amount of the cis epimer was always higher than the trans epimer and, unlike for the thiazolidines, [10] no reaction condition could be found to obtain predominantly the trans product. [9] Both diastereomers of the oxazolidines used in our alkylation studies were prepared according to standard methods (1a) or using a slightly modified literature procedure (1b). [11, 12] Compound 1a was isolated from a 3:1 mixture together with 1b, while 1b was obtained in diastereomerically pure form in three steps (Scheme 1).
[8] In fact, 1a was a 9:1 mixture of rotamers while 1b was observed in only one rotameric form. [13] We deduced the relative configurations of 1a/ b from NOESY experiments where correlation was observed for the acetal proton at C2 with tBu at C2 and with H eq at C5 only in 1a.
[14] An ORTEP-3 [15] plot of 1a confirmed the trans configuration of the C2 and C4 ring substituents from the NOESY observations. The X-ray structure of 1a shows that bulky ester and tBu groups shield the five-membered ring of the oxazolidine and that the large ring substituent on C2 shields one face of the oxazolidine (Figure 2 ). The nitrogen atom of the oxazolidine ring is almost planar and is found to be 0.25(0.01) Å above the plane defined by carbon atoms C2, C4 and C6. [16] The observed planarity of the nitrogen is probably due to delocalized elec-tron density of the conjugated p-orbitals of the carbamate moiety. Adaptation of the ring conformation and orientation of the C4-ester substituent for better overlap of the p-orbitals is seen in the torsion angles C2ϪN3ϪC6ϪO7 [12.8(6) Subsequent alkylation reactions of the ester enolates of 1a and 1b were performed under standard conditions (Scheme 1).
[8] Addition of 110 mol % of LDA was sufficient to deprotonate 1b but not 1a, where H4 is sterically more hindered. However, the alkylation yields were only modest. Increasing the amount of base to 200 mol % led to improved yields for all alkylated products 3Ϫ7. In each case only one diastereomer was obtained as the sole alkylation product ( 1 H NMR spectroscopy and HPLC). However, the alkylation products of the a series gave systematically lower yields, indicating a more hindered electrophilic attack to the enolate of 1a, which was also observed upon deuteration of the enolates of 1a/b. We also observed different side products. While 3b was accompanied only by starting material, an additional product from protonation with inversion of configuration was observed for 3a. The yields for alkylations with more hindered electrophiles decreased rapidly, and benzylation (products 6a/b) was accompanied by significant amounts of 1-bromo-1,2-diphenylethane. [17] In contrast to literature reports, [8a] the use of DMPU as a cosolvent did not improve the situation. [18] The relative and, by inference, absolute configurations of 3a/b were obtained from NOESY experiments and confirmed by NMR data of 1a/b and the crystal structure of 1a. The correlation in the NOESY spectrum of 1b between the methyl protons of the tBu and the acetal proton at C2 as well as the H eq at C5 is observed in 4b, too ( Figure 3) . Therefore, the newly introduced substituent is necessarily trans to the tBu ring substituent. We assigned compounds 5 to 7 in an analogous manner. Product pairs 3a/b to 7a/b are enantiomers, as confirmed by their identical NMR spectra and opposite signs of optical rotation. The yields and selectivities of the reactions are shown in Table 1 . 
Conclusion
In summary, formation of both diastereomers of 3-tertbutyl 4-methyl 2-tert-butyl-1,3-oxazolidine-3,4-dicarboxylate (1a/b) was achieved by two different routes where the reversal of the order of protection steps is the directive tool. The stereoelectronic properties cause the ring nitrogen atom in 1a to be nearly planar, as shown by an X-ray structure. The observed structural and conformational properties of 1a/b were utilized to achieve diastereoselective alkylation reactions with high drs and good yields. Further examples of the SRS principle and practical applications in the synthesis of natural compounds will be reported in due course.
Experimental Section
General Remarks: All reactions with moisture-sensitive compounds were conducted in flame-dried glassware under an atmosphere of argon. Solvents were dried by distillation from LiAlH 4 (THF) or from Na (toluene) or used as purchased (pentane, CH 2 Cl 2 ). n-Butyllithium solution in hexanes (2.5 ) was purchased from Aldrich in Sure-Seal containers. Starting materials that were commercially available were used without purification. Allyl bromide, benzyl bromide and methyl bromoacetate were passed through a short column of basic Al 2 O 3 prior to use. Melting points are uncorrected and were determined with recrystallized samples. NMR spectra were recorded from CDCl 3 solutions at room temp. with an instrument operating at 400 MHz/100 MHz ( 1 H/ 13 C). Analytical thinlayer chromatography (TLC) was performed on SiO 2 60 F 254 plates and visualization was accomplished with a 254 nm UV light or by staining with ninhydrin (0.3 g ninhydrin, 100 mL 1-butanol) or acidic PMA (1.0 g phosphomolybdic acid hydrate, 5% H 2 SO 4 , 100 mL EtOH) followed by heating. Flash chromatography was performed using the indicated solvent system on Merck silica gel 60 (particle size 0.040Ϫ0.063 mm; 230Ϫ400 mesh ASTM). Low-and high-resolution mass spectra were obtained with a JEOL-DX303 mass spectrometer with a direct inlet probe in EI mode at 50 V. Elemental analysis was performed with a PerkinϪElmer Elemental Analyser 2400CHN. Optical rotations were measured with a PerkinϪElmer Polarimeter 343.
(2R,4S)-3-tert-Butyl 4-Methyl 2-tert-Butyl-1,3-oxazolidine-3,4-dicarboxylate (1a): A 100 mL flask was charged with N-(1,1-dimethylethoxycarbonyl)--serine methyl ester [19] (1.1 g, 5.0 mmol, 100 mol %), toluene (20 mL), PPTS (63 mg, 0.25 mmol, 5 mol %), 2,2-dimethylpropanal (2.2 mL, 20.0 mmol, 400 mol %) and trimethyl orthoformate (0.83 mL, 8.0 mmol, 150 mol %). The reaction mixture was stirred for 4 d at 90°C. After cooling to room temp. and subsequent extraction with a solution of 10% NaHCO 3 (2 ϫ 20 mL) and then brine (20 mL), the organic layer was dried over Mg 2 SO 4 . Evaporating the solvent and drying in vacuo gave the crude product, which contained a 3:1 mixture of diastereomers. (2S,4S)-3-tert-Butyl 4-Methyl 2-tert-Butyl-1,3-oxazolidine-3,4-dicarboxylate (1b): NEt 3 (5.75 mL, 41.3 mmol, 110 mol) was added to a suspension of 2 (5.83 g, 37.5 mmol, 100 mol %) and pentane (50 mL). The reaction mixture was boiled at reflux until no further water was collected in a DeanϪStark trap. The Et 3 N·HCl salt was filtered, washed with Et 2 O (3 ϫ 30 mL) and the organic layer dried over Mg 2 SO 4 . Evaporating the solvent and drying in vacuo gave a coloured oil (8.87 g) containing a 1:1 mixture of epimers. A 100 mL flask was charged with the epimer mixture (7.0 g, 37.5 mmol, 100 mol %) and THF (20 mL). The solution was cooled to 0°C and (Boc) 2 O (17.4 mL, 75.0 mmol, 200 mol %) was added dropwise while the formed CO 2 was passed through a silicon trap. The reaction mixture was allowed to warm to room temp. overnight, and then poured onto a mixture of ice (ca. 10 g) and saturated NaHCO 3 solution (50 mL). Et 2 O (50 mL) was added and the organic layer was washed with saturated NaHCO 3 solution (4 ϫ 20 mL) and dried over Mg 2 SO 4 . Evaporation of the solvent and drying in vacuo gave the crude product. The excess of (Boc) 2 General Procedure for Alkylation: A 50 mL flask was placed under Ar and charged with THF (35 mL) and diisopropylamine (DIPA) with a syringe. The solution was cooled to Ϫ78°C (isopropanol/ dry ice) and nBuLi was added dropwise. The colorless reaction mixture was stirred at 0°C for 15 min, then cooled to Ϫ78°C and 1 in THF (5 mL) was slowly added to the solution. After stirring for 45 min at Ϫ78°C, the electrophile was added. The reaction mixture was allowed to warm up to room temp. overnight and then poured into a mixture of a semisaturated solution of NH 4 Cl (30 mL) and Et 2 O (80 mL). The organic layer was separated, washed with distilled water (4 ϫ 50 mL) and dried over Mg 2 SO 4 . Evaporating the solvent and drying in vacuo gave the crude product, which was purified by flash chromatography (FC) using mixtures of hexane/ EtOAc, or hexane/acetone as eluent. 
X-ray Crystallographic Study of 1a:
The data were recorded on a Nonius Kappa CCD diffractometer using graphite-monochromated Mo-K α radiation (λ ϭ 0.71073 Å ). The data were processed using Denzo-SMN. [20] The structure was solved by direct methods (SHELXS-97) [21] and refined on F 2 by full-matrix least-squares techniques (SHELXL-97). [22] The hydrogen atoms were calculated at their ideal positions and refined as riding atoms with isotropic temperature factors 1.2 (CH and CH 2 ) or 1.5 (CH 3 ) times the corresponding carbon temperature factor. The absolute configuration of 1a was not defined, as shown by the meaningless value of Flack's x parameter [0.1(2. 
